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Adsorption of Sr from waste effluents using Taiwan Zhi-Shin bentonite
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Strontium-90 (28.79-yr half-life), a bone-accumulating radionuclide linked to leukemia [1],
contaminates aquatic systems (e.g., post-Fukushima) [2]. Conventional removal (ionic exchange,
evaporation) is energy-intensive. Adsorbents like activated carbon underperform [3]; MOFs/hydrogels
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» Batch experiments: Sr?* adsorption under
varied factors.

» XRD/simulations: pH/concentration-dependent
cation exchange dominant.
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ption mechanism was verified by AIMD.
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3.3.3 Influence of pH value

Taiwan Zhi-Shin bentonite: pH-dependent Sr?*
adsorption (optimal >9). 0.1 mM: rapid saturation via
surface electrostatics (Fig. 2a); 10 mM: Na*/Ca?**
competition until pH>9 (Ca** precipitation, Sr(OH)*
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Fig. 2a-b: pH-dependent cation desorption (0.1/10 mM-Sr). 2¢c-d: Adsorption stability under varied pH/ionic strength at both concentrations.
2e-f: Tonic strength effects on Sr** adsorption.

3.4 XRD
Taiwan Zhi-Shin bentonite: Sr** adsorption via montmorillonite interlayer exchange (Sr** replaces
Ca?" with hydrated molecules, (001) 14.71—15.6 A at pH=9; Fig. 3a)[12,13]. Kaolinite synergizes
((001) 7.1—7.23 A; [14,15]). Low Sr?* (0.05-5 mM): interstratified hydration (15.5/12.5 A, competitive
exchange; Fig. 3a)[16,17]; high (10-15 mM)/alkaline: uniform 15.6 A expansion[18,19]. pH: <7 limits
hydration (d001=15.0 A); >7 enhances intercalation (=15.6 A); >10 re-stratifies (Fig. 3b). Outperforms

pure bentonite (stability at pH>7, 0.23 mmol g™ at pH>9; Fig. 2a, 3¢, 3¢); ionic exchange dominant.
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3.5 Molecular simulation

AIMD: Sr?* adsorption on Ca-bentonite via H-bonds
(hydration water bridges Sr>*/Ca** to surface O) and water bridges
(Fig. 3f-g), strengthened by interlayer hydration. Adsorption
energies (—16.08 eV Sr** vs. —15.55 ¢V Ca*") and DFT (—15.30 eV
Sr2*) show stronger Sr>* interaction than Na* (=7.1 eV). Na-
bentonite: H-bonds + 1onic exchange. Cation-dependent
mechanisms: Ca-bentonite (hydration-mediated), Na-bentonite
(competitive adsorption).

Fig. 3a: XRD of raw and Sr-adsorbed bentonite (0.05-15 mM Sr); 3b: 0.1 mM-Sr adsorption at different pHs; 3c: Bentonite-
only XRD (0.1 mM-Sr); 3d: 10 mM-Sr adsorption at different pHs; 3e: Bentonite-only XRD (10 mM-Sr); 3f: Initial Sr>*
configuration in Ca?**-bentonite; 3g: AIMD H-bonds (water-surface); 3h: H-bonds/water bridges (Sr?*-Ca?*); 3i: Ca?**-surface
water bridge.

CONCLUSION

» Taiwan bentonite achieves
65-70% CEC utilization for

% J = I & Cation Sr2* adsorption
: IF R e e Exchange 5 Thiwan bentonite achieves
v . S ) 95% Sr2+ adsorption within 5
Water

‘ ~ ; minutes (0.1-10 mM)

Bridge ¢ - Y AT , » Sr2t forms H-bond water

24 g bridges on Taiwan bentonite
via AIMD simulations

» Cation exchange is the main
mechanism of Taiwan

° bentonite

» Taiwan bentonite: Abundant

. green adsorbent for Sr2*
Electrostatic Interaction ( pH>9.2) removal

REFERENCES

1. Ghandhi, S. A, et al. Effect of 90Sr internal emitter on gene expression in mouse blood. BMC genomics 2015, 16, 1-15.

2. Povinec, P. P., et al. Radiostrontium in the western North Pacific: characteristics, behavior, and the Fukushima impact. Environ. Sci. Technol. 2012, 46(18), 10356-10363.

3. Chegrouche, S., et al. Removal of strontium from aqueous solutions by adsorption onto activated carbon: kinetic and thermodynamic studies. Desalinatio 2009, 235(1-3), 306-318.

4. Naeimi, S.; Faghihian, H. Modification and magnetization of MOF (HKUST-1) for the removal of Sr?* from aqueous solutions. Equilibrium, kinetic and thermodynamic modeling studies. Sep. Sci. Technol. 2017,
52(18), 2899-2908.

5. Zheng, B., et al. Thiol-rich and ion-imprinted alginate hydrogel as a highly adsorptive and recyclable filtration membrane for rapid and selective Sr (II) removal. Chem. Eng. J. 2023, 465, 142752.

6. Ogata, F., et al. Zeolite produced from fly ash by thermal treatment in alkaline solution and its capability to adsorb Cs (I) and Sr (II) in aqueous solution. Pharm. Soc. Jpn. 2020 140(5), 729-737.

7.  Marinovié, S. S., et al. Adsorption of strontium on different sodium enriched bentonites. J. Serb. Chem. Soc. 2017, 82(4), 449-463.

8. Khan, S. A.; Khan, M. A. Sorption of strontium on bentonite. Waste Management 1995, 15(8), 641-650.

9. Zhang, S. A new nano-sized calcium hydroxide photocatalytic material for the photodegradation of organic dyes. Rsc Advances 2014, 4(31), 15835-15840.

10. Janusz, W.; Skwarek, E. Study of sorption processes of strontium on the synthetic hydroxyapatite. Adsorption 2016, 22, 697-706.

11. Chen, C. C.; Hayes, K. F. X-ray absorption spectroscopy investigation of aqueous Co (II) and Sr (II) sorption at clay—water interfaces. Geochim. Cosmochim. Acta 1999, 63(19-20), 3205-3215.

12. Sanchez, R. T. Mechanochemical effects on physicochemical parameters of homoionic smectite. Colloids Surf. Physicochem. Eng. Asp. 1997, 127(1-3), 135-140.

13. Sohrabnezhad, S., et al. Silver bromide in montmorillonite as visible light-driven photocatalyst and the role of montmorillonite. Appl. Phys. A Mater. Sci. Process. 2016, 122, 1-9.

14. Berghout, A., et al. Density functional theory (DFT) study of the hydration steps of Na*/Mg?*/Ca2?*/Sr?*/Ba?*-exchanged montmorillonites. Clays Clay Miner. 2010, 58(2), 174-187.

15. Ning, Z., et al. Strontium adsorption and penetration in kaolinite at low Sr2* concentration. Soil Sci. Plant Nutr. 2017, 63(1), 14-17.

16. Holmboe, M., et al. Porosity investigation of compacted bentonite using XRD profile modeling. J. Contam. Hydrol. 2012, 128(1-4), 19-32.

17. Ferrage, E., et al. Investigation of smectite hydration properties by modeling experimental X-ray diffraction patterns: Part I. Montmorillonite hydration properties. Am. Mineral. 2005, 90(8-9), 1358-1374.

18. Laird, D. A. Influence of layer charge on swelling of smectites. Appl. Clay Sci. 2006, 34(1-4), 74-87.

19. Saiyouri, N., et al. Experimental study of swelling in unsaturated compacted clays. Clay Miner. 2004, 39(4), 469-479.

IOCN2025.sciforum.net




